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In factor analysis one generally thinks of a transformation solution 
within either an orthogonal or an oblique framework. In this manuscript 
a general model Is presented for the indepe-.ident cluf.ter solution in 
factor analysis* It is demonstrated that there may possihly be. a variety 
of independent cluster solutions which may be generated for a given 
set of data. Every orthogonal independent clustir solution is discussed 
as haying an oblique analog. ' 

The equations presented are based upon the Harris, and Kaiser[1964J 
theory of developing oblique solutions through the use of orthogonal 
transformation matrices. An analytic basis for the computation of the 
orthogonal transformation matrices is presented in the form of the 
orthomax critariqn[Saun^ers ^ 1962] and finally some empirical appli- 
cations of the model are presented and discussed. 

Assume some (n x x) factor matrix £ determined by any orthogonal 
factoring procedure. Then let the major product' moment of P define 
an (n x n) eingular matrix , R*^ of rank r* 

CD - ■ ' 

Assuming that the Initial factoring was done on a population 
varlance-covarlance matrix or correlation matrix, the diagonal Lntries 
of R^' will represent the common variances of the variables while the 
th off-diagonal entry of will represent the covariance between 
the common portions of variables i and ^ and will approximate the 
population covariance between variables i and j. 



The principal axis representation of will provide a basis fo^ 
the discussion to follow, Compute the principal axis representation 
, ^ of R 5 where the columnG of g are unit length latent vectors associated 
with the non-'zero latiint roots which are the diagonal entries of M^, 
The General Mod el for an Independent Cluster Solution of r''' 
Let the x £) square matrix T represent any orthonormal matrix ; 
then (T" T ^ TT" ^ I). All orthogonal transformation solutions , of 
QH may be depicted as 

(2) F ^ QMT. (An orthogonal transformation solution of R*,) 

Thus the basic structure of F consists of a left orthonormal, 
Qs a right orthonormal ^ T, and a basic diagonal M, The matrix R'^ 
represents the major product moment of P^, In a later section the 
computation of T Is discussed in some detail. At this point it is only 
- necessary to assume that once deterniined T is constant in equations 
2, 3, 4, 5, 6, 7, and 8, 

For the oblique analog of F, let the (n :< r) matrix a'^ represent 
a primary pattern matrix, in the sense of Holzinger and Harman [1941] 
and let B'- represent a primary structure matrix with W'' representing the 
the intercorrelations of the primaries. Then from Harris and Kaiser 
[19641 the following equations may be used for computing an independent 
' cluster solution : 

(3) A^ ^ QTD| (An Oblique Primary Pattern for R^,) 

(4) m D"^T"M"TD""| (An Oblique Primary IntercQirrelation Matrix*) ' 

(5) B ^ M ^B^ > (An Oblique Primary Structure for r"^,) 

The matrix D in equations 3, 4, and 5 is a : diagonal matrix totally 
dependent upon .the values of M and T and is chosen so that (m) will 
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be column normaliged when post multiplied by D-", thergby insuring that 

the primaries are of unit variance. If D and its inverse are elimi- 
nated from equations 3, 4, and S than the oblique covarlance matrices 
result : 
(6) A = 
(V) W = T'M^T ; 
(8) B = .^^T. 

The matrix A may be chought of as a tnatrix of raw regreaslon 
weights for predicting the n variables from the r un-normalized primaries. 
The matrix W represents the covariancea between the r primaries with 
the diagonal of W representing the varianoas of the r primaries and also 
representing the diagonal elamenta of D^. The matrix B may be .thought 
of as a matrix of covarlancas of the r primaries with the n variables. 

Within a Thurstonian [l947] framework the matrix A may also be 
thought of as the matrix of covarlances of the r reference vectors with 
the n variables. While the matrix B may be thought of within a Thur- 
stonlan framework as the matrix of raw regression weights fo"r predicting 

the n variablas from the' r un-normallzed reference vectors. The 
inverse of W, W'S representi the covarlancei between the r reference 
vectors with the diagonal of representing the variances of the 
r^ reference vectors. 

The well known f elationshipi between pattern, structure, factor 
intercorrelatlDn and may be denoted as i 
(9) R" = AWA" = BA' = A*W*A*' = B*A*''. 
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RegardleBs of whether one is working in a Thursdone or a Holzlnger 
framework the matrlK of interest in tha obiiqua solution depicted here 
la In equation 7 the matrix W raprisints the minor product' moment 
of F. Thus R" and W are product moment matrlceg determined from the 
same "basic structure". The orthonormal of Is a left orthonormal 
for F and the orthonprmal of W is a right orthonormal for P. The 
latent roots of W are identical to the latent roots of . The matrix 
A is the product of the left and right orthonormals of F.' 

If theoretically "trua" independent clusters are defined by the 
data then each row of the "factor matrix" will contain only ona non- 
zero entry. Each variable will be of complexity one and the planar 
plot of any pair of coiumns of will show a concentration of points 
along two radial streaks; a number of points at the origin and no points 
off the radial streaks. If the indepandent clusters are mutually 
orthogonal R'^ will be a diagonal super matrix if the variables are 
ordered properly and will have zero entries for all matric elements o^f 
the main diagonal. The principal aKis solution for such a inatrix, QH, 
will have ideal siinple stracturt . (Harris and Kaiser, 1964). If the 

Independent clusters defined by are not mutually orthogonal than 
ft _ 

R will not have the form of a diagonal supermatrlx. For oblique 
independent clusters the radial streaks defined by may be "orthogona- 
llzed" by post=multiplylng by M-1 , For perfect oblique independent 
clusters the planar plot of any pair of columns of g will show s 
concentration of paints along two orthogonal radial streaks; a numtoei 
of points at the origin and no points off the radial streaks. The r 
radial streaks defined by Q will be mutually orthogonal. For non- 
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independent cluscer data £ will definca a scattering of points but not 
radial streaks. 

VariancQ All Qcatlon in the Independent Cluster Solution 
In describing the allocation of common variance there is an 
interesting duality between the oblique and the orthogonal independent 
cluster GolutionB. Following froni equation 9, and Holzinger and 
Harman (1941, p. 247) let the common variance of the th varlablejh^^ 
be axpressed in the general terms of an oblique solution as follows i 

(.0) 4 . .f; . 4 ..... 4; . ..... 

The direct contributions of the factors to the common variance of 
vauiable 2 are given by the first r terms of equation 10, while the 
joint contributions of the factors are given by the remaining, r(r^l)/2| 
terms in equation 10. 

The direct .contributions of the r^ factors to the common variance 
of all n variables are obtained by suiranlng the direct contributions 



of each factor ac^ross all n variables as follows; 

a 

j-1 ^ J^l^ 



J-l ^ j-i - i-l 
The t{tj-i)/Z joint contributions of pairs of factors across all n 
variables are given hyt 

j^l ^ J J^l T -r,t-i ji^^Tr^.r-l 

In expression 11 the values determined are just the column sums of 
squares for A which are given also as the diagonal elementi of the minor 
product of A*. However the diagonal elements of the minor product of 
A are Just the £ diagonal elements of W or the variances of the r 
primaries. 
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(13-a) (A*)'(A^) m DT^Q-QTD « d2 ; 
(Ij-b) d2 = dlagonai [ T-m2t] . 

Therefore within an oblique Indapendent cluster framework the 
ditmt contributions of the factors as noted in expreisioit 11 may be 
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written as follows' 



= w 



J«l J j=l - -jr 

The total joint contribution for the pair of factors k and {k-l) 
as givan by expression 12 is 



2w T 



but the element a^^ aj^^^^) is just the Ck, k=l)th off-diagonal 

entry of which is zero, thereby implying that the following equality 

will always hold for the oblique independent cluster solution. That is 
to say, regardlass of the ■•obliquity" of ai. oblique Independent cluster 
solution the total Joint contribution of any pair of factors to the 
total variance will always be zero. 

It is immediately apparent from Rxpresslo.n 11 that far an orthogonal 
Indapendtnt cluster solution thare ara no Joint contributions for the 
factors inasmuch ag all nondlagonal values of W* are zero. The direct ' 
contributions of the factors are just the column sums of square for 
1. Thus the^total sum of squares within a" Is the same as the total ■ 
sum of squares within F. 

It would seem that the orthogonal and oblique Independent cluster 
solutions represent the extreme ends of a span of possible oblique 
solutions for a given set-of data. For the oblique independent cluster 
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ail common variance may be accounted for totally within the framework of 
second ordir factors, the diagonal of W. For the orthogonal independent 
cluster solution, the common variance contributions are accounted for 
. solely as a function of the uncorrelatad first order factors. Thus, 
those oblique solutions falling between, these two independent cluster 

solutions would ueillz- both first and second order fflctors to account 

for common variance. 

Computation of the Orthonorm al T for JJse in the Independent m...... m.h.i 

Although the model discussed in this paper may be generalized to any 
squart (r x r) orthonormal. only the clais of analytic orthonormals 
associated with the orthomax criteria will dlscussid. Saunders (1962) 
was the first to note that all analytic orthogonal transformation 
procedures could be combined for general discussion inasmuch as they 
all involve the same fourth degraa momants of the data. 

The general orthomaK transformation criterion involves a max- 
imlzatlon of 

(16) Maximum , = H n f fjj^ - aC f m 

Where t^^ is the jk th element of the transformation solution, when the 
criterion is applied to a factor matrix whose rows are normalised , the 
solution is referred to as a "normal" = type solution. When the trans- 
formation solution i- normal f^^^ is the th element of the matrix - . 
(H-^5MT). The matrix is a diagonal matrlK whose nonzero elements 
represent the variance of the n variables and is the diagonal of R*. 
When the criterion Is applied to a factor matrix whose rows, are not 
normalized the solution Is referred to as a "raw"=type solution. 
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IVhen Che transformation solution is raw f is the jk r.h element of the 

Jk 

matrix (QMT ) . 

The value of 9 in equation 16 is most crucial as it is the "orthomax 
welgbt" and it specifically defines the blind orthogonal transformation 
that is computed. When the orthomiix weight Is zero, c 9 = 0), maximizing 
(QMT) in equation 16 will result in the raw quartimax transformation- 
[Neuhaus and Wrlglay, 1954]. When the orthomax woighc Is unity, ( s = 1), 
aquation 16 defines Kaiser * a [1958] varimax criterion. Within this same 
framtw.^rk it is possible to defina SaundBr's[ig62] equamax criterion, 
(s « r/2), and, thB-oretically, the principal axis transformation 
critevion, (£ = -«) [Kaiser ,19G6] . 

Harris and Kaiser [3 964 J in their discussion of the indapendent 
cluster solution suggest that the orthomax crltarion be applli to (^T) 
rather than C^MT) . Furthermore they nota that bacause it Is g, the 
unit length latent vectors of R*, that are being transformed the second 
term in aquation 16 will be a constant and is therefora Irrelevant in 
the tranaformation process. Thus, Harris and Kaiser always compute T 
to implicitly maximlae the raw qiiartimax criterion applladto (gT ) . 
Although Harris and Kaiser do not note it specifically it is possible to 
utilize the transformation matrix T computed as & functi.in of Q to 
define an orthogonal solution of the forin C5MT ) . Technically then for ', 
this one procedure the oblique solution has an orthogonal analog.. In 
the empirical section to follow we will modify the Harris and Kaiser 
procedure just slightly by using the orthonorraal T computed as a function 
o£ (^) to define an orthogonal solution of the forn (qMTJ . The sat of 
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solutionB computed in this fashion will bs referred to as the "Harris 
and Kaiser indpendent cluster solutions". All discussion in the previous 
sections is perfectly generaliEable to the Harria and Kaiser Independenc 
cluster solutions. 

Empirical Applications of _ the General I ndependent ClusMpr MqHpI 
To clarify and illustrate the independent cluster model presented in 
this manuscript six examples of Independent cluster solutions are discussed 
Five of these examples are discussed within the framework of Illustrative 
data. For each of the illustrative examples the solution development 
started with Che principal axis representation of some orthogonal factor 
snlution. 

For each data set orthoional and oblique indepEndent cluster solutions 
were computed. One set of solutions was cumputed using the modified 
Harris and Kaiser procedures. Twenty-four additional solutions were 
generated through a syatematic variation of the orthomaK weight in 
equation IS. The orthomax weight was varied from negative to positive 
three in Increments of one-half; first for the raw matrix (^M) and then 
for the row normalized matrix (H-l^M). With two exceptions only the 
"best" set of independent cluster solutions is presented along with 
the Harris and Kaiser solutions for each problem. 

Example 1 Perfect Orthogonal I n dependent Cluste-?B 

As previously noted when perfect orthogonal independent clusters 
are defined by the data the principal axis represantatlon of the factor 
soXution will have ideal simple structure. In such a case given any one ' 
of the family of orthomax criterion depicted by equation 16 the only 



transformation of (Q) or (^M) that will masimise it is the identity 
matrix, 1=1. For such a data sec, then (Qm) and (QTD) will be 
Identical. (BecauiQ of the redundancies of solutions for such an example 
ws will not provide any numerical repreeentations of it.) 

Example 2 Perfect OblimiR Tnd.=.p.., ,^.nt Cluaters(Blpolar-Plasmoda l) 

For at least one data set defining perfect oblique independent 
clusters there Is a poss> ble problem in maximizing the raw orthomax 
criterion when applied to (^) . m Table 1 the principal axes form 
of example 2 is presented. Note that when the orthomax criterion, 
(.5 > j> =3),- is applied to ((im)for this example the maximization 
of the criterion occurs for, (T » I) , the Identity matrix. As may 
be seen in Table 1 a raw orthomax solution when used in conjunction 
with the general indepandent cluster solution may result in a misleading 
orthogonal representation of data -that define perfect oblique clusters. 



Table 1 about here 



Presented also in Table 1 are the Harris and Kaiser independent 
cluster solutions for the data set. Clearly the' oblique independent 
clusters define an excellent transformation aolution for these dnta.- 

Finally in Table 1 the normal varimax independent cluster solutions 
are provided. There solutions are identical to the Harris and Kalsei: 
solutions. For these solutions the matrix (H-lgMT) was utilized in 
maximizing the orthomax crlcerion with the orthomax weight equal to 
unity. It is both interesting and informative to point out that for 
all orthomax weights greatar than or equal to unity the matrix (H-Iqm 



10. 



m 
m 

m 
> 



□ 
O 



3 



d 
d 

a 



0) 

d 

U 

a 



H 



ERIC 



o 



Q 



m 
e 

b 



K 

e 

Q 

M 

Q 

CO 

m 



u 

0) 
yj 

£!! 

M 
d 

U 

m 
m 



m 
d 
© 

o 
u 



d 



o 



CO 

d 

Q 
M 
□ 

Q 
3 



CO 

d 
o 

O 

N 

O 



d 



r£3 



P4 



j 



I 



en 



I 



i 



I 



en 
I 



O 



o 

CM 



1 



I 



so 



in 
cn 
1 



en 



i 



i 



I 



i 



in 

n 



j 



I 



o o Q a 

CS CN CN csj 
I 1 



I 



a. 3 

^ N 

£1 



in 

I 



c 
o 



in 



6 



I 



Q 



i 



d 

□ 

(d 

H 

. M 

IS 



I 



d 

o 

*H 

CU ^ i 

^ fl M 

CO O O 

*H MMh 

U O W 

a ^ fl 
N N 

< o N 



to 

e 

u 



d 



o 

4j 



OJ 
'H 
H 

'H 
U 
H 

3 
B 

d 
OJ 
0} 

(U 

m 

OJ 



00 
3 ■ 
0 
N 



0) 



^ * 

^ P 

CO *H 

*H cn 

U 3 

O H 

w u 

cfl d 

CO 'rH 

w ^ 

CO tH 

& ca 



Q 
•H 

d 



o 



■u 

M Q 



60 
O 



u 










0 


Hi 




P 




*H 


._j 






to 




GO 


W 


QJ 


O 


»-» 


&• 


yj 


Cfl 












GC 


*H 




Qj 


CU 


& 








gj 










4— i 


H 


H 




O 












QJ 




4-i 


d 


d 










O 


o 


u 


u 




03 


G 


d 


Q 


o 


'H 


•N 


4-i 


■U 


d 


3 


H 




o 


O 


«J 


CO 






CO 

i 


(0 


o 


i 
o 




rd 






M 


N 


0 


Q 






H 


H 


CO 














•H 







to * 

u 5 

td H 

y 



d ^ 



•H ^ 

W 4J 



O 



would always maximize the orthomax criterion utilizing the same orthonormal 

T. However for orthomax weights less than unity the only orthonormal T 

maKimization ' 
that would provide a ^ for the orthomax criterion applied to (H^^OMT) 

was the identity matrixi 

The solutions in Table 1 suggest that perhaps one would he well 

advised not to utilize raw transformation solutions with the general 

independent cluster models at least initially. 

Example 3 ApproKimate Obl ique Inde pendent Clusters (Non-PlasmQdal) 

The data used for this example define oblique factors that represent 
approximate independent clusters. These data are the eight physical 
variables referred to by Holzlnger .and Harman(19413 and used as an 
illustrative example by Harris and Kaiser (1964) in the development of 
their independent cluster solution, 

Table 2 about here 

For theie particular data there were a number of independent cluster 
solutions generated by the orthomax criterion that did^ define clear 
structure. However all of those solution sets associated with orthomax 
weights greater than or equal to unity defined essentially the same 
solutionsi being almost identical to the solution set defined by the 
Harris and Kaiser Independent cluster procedures. 

Although all 24 orthomax solutions generated for this data set are 
not presented here they appeared to define a very systematic relationship 
between the orthomax weighty the orthogonal transformation matrix and the 
primary intercorrelation matrix, As the orthomax weight was varied from 
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negative three to positive three the primary intercorrelations 

associated with the aolutions defined by the orthogonal transf ormation 
matrices varied from .24 to ,48 for the raw solutions and varied from 
*11 to *4S for the norinal solutions. The lowest primary Intercorrelations 
were associated with the orthoMK weights of negative three, however the 
apparrent ideal primary intercorrelatlon of ,48 (Holzinger and Harman,1941) 
was associated with a number of aolutions. As the orthoniax weight progressed 
from negative three toward positive three the associated primaries 
appeared to become more related until the degree of relationship was 
approximately ,48, Once this particular level of relationship was attained 
It served as a ceiling inasmuch as all solutions generated from subsequent 
orthomax weights in the progression toward positive three regulted in 

a primary intereorrelatlon of ,48, 

As with the previous examples the normal varimax and the Harris and 

Kaiser procedures defined the solutioni having the claarest structure. 

For both sets of solutions it is the oblique independent cluster solution 

that has the clearest structure » 

EKample 4 _ApproKlma te Orthogonal Independent Clusters (Non-Plasmodal) 

The data used for this example define approximate orthogonal 

- were 

independent clusters as might be noted If one ^ to plot the principal 
axea representation in Table 3. Thesi data are referred to by Harman 
(1967) as the five socio-economic variables. 

Table 3 about here 
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As with the other illustrative data sets 24 Independent cluster 
solutions were generated along with the Harris and Kaiser solutions. 
Inasmuch as the normal varlmax independent cluster soltuions appeared 
to result in the best structure they are presented along with the Harris 
and Kaiser lolutioni in Table 3. The most obvious conclusion one might 
draw. from Qbserving Table 3 is that the orthogonal independent cluster 
solutiom have more trivial loadings , approxiTnate lero loadings , than 
do the oblique Independent cluster solutions, 

As with the. previous eKample the smallest magnitude for the primary 
intercorrelatlon was aisociated with an orthomaK weight of negative 
three, kB. the orthomax weight approached positive unity the primary 
intercorrelatlon stabilised at .28 and all iubiequent oblique solutions 
aiSoclated with orthomax weights greater than unity defined primary 
Intercorrelations of ,28. 

In comparing the Harris and Kaiier solutldins with tha normal 
varimaK splutions it does not appear as though there is much difference 
between the two seti of solutions defined. However whin ona Qomparaa 
the orthonormal transformation matrices used for the two sets of 
solutions ii ig readily apparent that fthere is a differance in the two 
SQlution ssts. The Harris and Kaiser solutions are Influenced slightly 
more by the first principal axis than are the normal varlmax solutions. 
In the development of the normal varlmaK Kaiser (1958) noted that the 
quartimax transfofmation lolutlons tended to be influenced by the= 
stronger principal axes. Whether of not this influence is desirable 
might be debated > however the purpose of this manuscript is not one 
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of debating the desirability of principal axis influences in the orthomax 
transformation solutions * 

Example 5 Non-'Independent Cluster ProbleTnCThurgtona Box Problem) 

The Thurstone box problem(Thurstones 1947) is a classic plasmodal 

. problem whose solution is known to be something other than an ind^pendant 
cluster solution* The variable complexities range from one to three • 
for this three factor solution. Although no evidence is offered in 
this manuscript it is likely that if one were to define a span of 
transformation solutions with the orthogonal independent cluster solution 

^ at one extreme and the oblique independent cluster solution at the other 

extreme the solution to the box problem would be midway between the 

■ ■ 

two independent cluster solutions* 

Unlike the other examples the lubjectlva solution as well as three 
sets of independent cluster solutions are presented for the box problem 
in Table 4, the Harris and Kaiser solutions * the normal varlmax solutions 
and finally the solutions associated with the transf orination matrix 
determined as a function of maKimizing the orthomax criterion for^ an 
orthomax weight of negative unity with the reported raw matrix (^T).. . 

Table 4 about here 

For the first two sets of solutions, the Harris and Kaiser and 
the normal varimax, it is very^ difficult to determine whether the 
erthogonal solution has "better^^ ilmple atructura that its oblique 
analog. When comparing the Harris and Kaiser solutions with the normal 
varimax solutions it is evident that they are almost identical solutions, 
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Table 4 Selected General Independent Cluster Solutions for Illustrative Example 5^. 



Type Solution 



Harris and Kaisar 



Principal Axist . Oblique Orthogonal 



1 


66 


64 


-40 


109 


-11 


-12 


99 


05 


13 




2 ■ 


73 


06 


67 


-13 


-11 


■110 


13 


13 


98 




3 


66 


-68 


-28 


-12 


108 


-11 


05 


98 


12 




4 


87 


35 


33 


41 


-14 . 


80 ■ 


56 


12 


81 




3 


83 


-35 


-42 


33 


91 


-17 


43 


89 


14 




6 


84 


-54 


04 


-15 


84 


35 


09 


87 


49 




7 


86 


51 


07 


73 


-.17 


51 


79 


09 


61 




8 


84 


28 


-46 


90 


33 


-15 


88 


44 


16 


i 


9 


87 


-28 


42 


-19 


41 


83 


09 


55 


83 




10 


88 


44 


20 


59 


-16 


66 


69 


11 


72 




11 


88 


-02 


-47 


67 


64 


-17 


71 


59 


16 


1 
■1 


12 


88 


-42 


25 


-19 


63 


63 ^ 


08 


72 


69 ' 




13 


67 


64 


-37 


107 


-13 


-08 


98 


05 


16 : 




14 


72 


-01 


66 


-19 


04 


108 


08 


19 


96 


■i 


15 


63 


-66 


-32 


-08 


106 


-16 


06 


96 


08 




16 


94 


-30 


-07 


17 


ii 


29 


35 


78 


48 




17 


, 97 


25 


-02 


61 


18 




72 


38 


59' 




18 


•62' 


61 


-42 


107 


-09 


-16 


96 


06 


09 




19 


71 


13 


64 


-07 


-17 


106 


■ 17 


08 


95- 




20 


66 


-68 


-27 


-12 


106 


-10 


'05 


97 


13 • 





Primary Iqo 39 50 

Intarcor- . ' 39 j^qO 49 

relations 50 49 100 



Associated . 

Orthogonal -56 57 60 -56 57 60 

Transforma- ,67 -74 08 67 -74 08 

tion -49 _36 gQ _4g _3g 
Matrix 



* All values have bean multiplied by 100 to elimlnata decimals, 
t Computed from eentroid solution. 



ERIC 



Table 4 Selected General Independent Cluoter Solutions far Illustrative Exampl 
/ (cont,) 



Type Solution 



Normal Varimax 



Obliqua 



Orthogonal 





1 


109 


-12 


-13 


99 


05 


11 






-1 1 






14 


15 


97 




3 


-12 


108 


=12 


' 05 


98 


10 






A3 


--13 


78 


57 


14 


81 




C 
J 


JJ 


91 


-18 


43 


89 


12 




6 


. -15 


85 


33 


09 


87 


47 




7 


74 


-16 


49 


78 


10 


60 


Pattern 


Q 


□1 

Pi 


J J 




89 


44 


14 


9 


-18 


42 


82 


10 


57 


82 


Matrix 


10 


60 


=-15 


64 


70 


12 


71 




11 


0/ 


□4 


1 s 


71 


79 


14 




12 




D J 


^1 
Dl 


09 


73 


68 




' 1.3 






AO 


98 


OS 


14 




14 


-17 


03 


107 


09 


20 


95 




15 


-08 


106 


^17 


06 




Ug 




16 


17 


73 


27 


36 


79 


46 




17 


62 


IS 


40 


72 


39 


57 




18 


107 


^10 


-17 


96 


06 


07 




19 


-05 


-15 


105 


18 


10 


94 




20. 


-12 


107 


-11 


05 


98 


11 


Primary 




100 


40 


SO 








Intarcor- 




40 


100 


49 








relations 




50 


49 


100 








Associated 
















Orthogonal 










-57 


58 


58 


Transf orma^ 










67 


-73 


08 


tion 










-47 


-35 


81 


MatrlK 















* All values have been nmltiplied by 100 to eliminate d 



ecimals , 



EMC 



. Tabla 4 Salected Ganeral Indapendtnt Cluster Solutions for niustrativa Example 5*. 

(cont. ) 



Pattern 
Matrix 



Primary 

Intarcor-^ 

relations 



Asaociated 
Orthogonal 
Trans forina 
tion 
MatrlK 



Oblique 



1 


113 


-15 


-25 


2 


10 


09 


91 


3 


-17 


11, t' 


" -13 


4 


61 


-01 


58 


S 


29 


93 


-31 


6 


-11 


96 


18 


7 


88 


-09 


31 


8 


92 


32 


-31 


9 


-04 


59 


63 


10 


76 


-05 


45 


11 


66 


64 


-33 


12 


-08 


79 


44 


13 


.-112 


-16 


-22 


14 


03 


17 


89 


15 


-15 


109 


-26 


16 


22 


81 


10 


17 


- 73 


26 


21 


18 


110 


-14 


-28 


19 


16 ■ 


03 


88 


20 


-17 


111 


-21 



100 47 41 
47 100 40 
41 40 100- 



-65 66 37 
-69 72 -07 
-31 -21 93 



Orthogonal 



-65 
-69 
-31 



66 37 
72 -07 
■21 93 



Type Solution 




Raw Orthomax 




Weight ^ -1.0 





Subjective 



99 


06 


-08 


100 


00 


00 


31 


30 


' 90 


03 


01 


99 


04 


99 


-06 


01 


98 


02 


71 


26 


66 


49 


00 


76 


42 


89 


-10 


40 


87 


01 


16 


94 


30 


01 


82 


41 


89 


19 


42 


74 


-03 


54 


89 


46 


-09 


' 87 


40 


■ 02 


23 


69 


69 


-01 


46 


80 


82 


23 


55 


63 


-01 ■ 


66 


71 


70 


-11 


69 


66 . 


01 


20. 


83 


53 


-01 


65 


64 


99 


06 


-05 


98 


-01 


04 


26 


35 


88 


-02 


06 


97 


05 


96 


-10 


03 


96 


-02 


42 


85 


26 


29 


72 


38 


81 


47 


36 


66 


28 


48' 


96 


06 


-11 


97 


01 


-03 


35 


25 


87 


07 


-04 


95 


04 


98 


-05 


00 


98 


03 



100 10, 23 
10 100 
23 22 100 



* All values have bean multlpllei by 100 to allmlnate daclmals. 
I Thurstone(1947) 



Furthermore when the two solution seti are compared to the subjective . 
solution it is apparent that they all define essentially the same 
factor structure. 

The third set of solutions, however, ig conaiderably different 

from the first two gets. The third solution set defines factors that 

are not the same as those defined by the first two sets of independent 

cluster iQlutions, While the loadingi In the first two. sets of solutions 

sltnilar 

define patterns identical to each other andtto the subjective solution 
the third set of solutions define patterns that are related but not 
the satne as those defined by the normal varimaK solutions and the Harris 
and Kaiser solutions, \ 

mien varying the orthomax weight on raw and row normalized matrices 
a vast array of different Independent cluster solutions were generatedp 
As with the eight physical variables the primariei tsndgd to show a 
low degree of ralationship when asioclated" with orthomax weights less 
than negative unity. The primary intercorrelatlons tended toward stability 
when the orthomax weight wai greater than or equal to unity. As with 
the previous illustrative eKamples it was the normal varimaK Independent 
cluster solutions as well as the Harris and Kaiser Independent cluitar 
iolutlons that defined what appeared to be the best solutions out of all 
of those that were generated. As one considers the solutions in Table 4 
it is Important to keep in mind the fact that the ideal jlmple itructure 
solution for these data is not of an independent cluster nature, 

• . .■ . . ............ 

Example 6 Non - Indapandent Clustar Problem(Coan!s Eggg) 

The CoanCi959) egg problam is a ''seml-^ problein whose 

ideal iolution muse, by virtue of the methods used' in definlni the 



variables, be something other than an independent clustar solution. 
The 21 variables in the problem are a function of six baiic spatial 
tneasurements taken on 100 chicken eggs falling into one of fout egg 
grading categories- small, medium, larga, and jumbo. Ratios ware 
formed between the six spatial measurements to define an additional IS 
variables # = 

Coan provides both an orthogonal and an oblique transformation 
solution for these data. Interestingly enough there is little earn- 
parability between- the factors defined by the two solutions. We have 
ineluded this particular data set in this mahuicript because. in contrast 
to the other eKamples it clearly indicates that the Harris and Kalier 
procadure will define Solutions that are conilderably different from 
those iolutlons defined by the normal varimaKi Specifically as may 
be noted in Table 5 the normal variniax iolutions are quite different from 
the Harris and Kaiser SQlutions for these data. 



Table 5 about here 



It can be Bmm in Table 5 that the normal varlmax orthogonal solution 
is strikingly similar to the subjective orthogonal solution but the 
normal varimaK oblique independent eluiter solution bears no reiemblence 
to the aubjectlve oblique solution. The normal varimaK oblique solution 
definei essentially the same' factors as its orthogonal analog which are 
not the same factors described by Coan' s oblique solution, 

it may also be noted in table- 5 that the Harris and Kaiser oblique 
independent cluster solution diflnes many of the same factors as does 
the subjective oblique solution reported by Coan. More importantly 
is the fact that the Harris and Kaiser orthogdnal solution is very 



Table 5 Seleeeed General Independent Cluster Solution i:or- Illuatraelve Example 6* 



Pattern 
Matrix 



Associated 
Orthogonal 
Transf or- 
mation 
Matrix 



Type Solution 



1 
2 
3 

. 4 
5 
6 
7 
8 

9 . 
10 
11 
12 
13 
14 
15 
16' 
17 
18 
19' 
20 
21 



Primary 

Intercor- 

ralatlons 



Principal Axlst 



pbliqui 



Harris and Kaiser 



Orthogonal 



99 -07 

87 42 

88 -35 
73 59 

96 16 

92 -30 

93 -28 

97 08 
91 37 
95 18 
97 09 

12 93 
28 -41 
01 84 

13 93 
01 -97 
17 -87 

01 -28 
12 80 

02 95 
17 90 



-04 -04 
11 10 
-19 14 
-30 -03 
01 03 
-06 -12 
-11 -11 
03 -11 
09 -03 
-08 -07 
-02 13 
33 -04 
82 2S 
26 28 
21 27 
19 17 
-33 25 
-38 86 
-55 -05 
-28 05 
17 21 



04 -05 
-11 15 
-12 15 
-10 IC 
-24 03 
-12 19 
12 -08 
11-14 

12 -06 
22 -06 
09-13 
04 03 

00 06 
26 25 
04 00 

-01 00 

13 15 
-03 -11 

11 09 

01 -04 
-14 22 



74 


-05 


00 


00 


27 


06 


78 


-05 


08 


no 


fiO 


07 


-05 


24 


12 


-02 


88 


23 


47 


29 


02 




79 


LI 


00 


-02 


03 


• IS 


96 


-34 


56 


-14 


11 




1% 




02 


07 


-45 


-01 


78 


16 


40 


21 




-01 


OD 




-05 


-24 


11 


03 


94 


: 41 


55 


-01 


06 


01 






00 


-02 


06 


-16 


100 


-37 


59 


-14 


15 


-08 


7^ 




97 


-09 


-07 


-01 


03 


-14 


83 


-16 


^08 


-01 


50 


-13 


102 


-07 


-01 


-06 


-06 


27 


83 


00 


04 


-09 


SO 




89 


01 


21 


-02 


02 


-12 


80 


-12 


31 


00 


47 


-14 


115 


14 


-08 


-03 


-12 


-22 


87 






— HI 


H I 


-uy 


88 


, 01 


03 


18 


OS 


29 






U J 


1 R 






02 


41 


08 


-20 


-02 


59 




55 






u / 


7 7 
/ / 


-02 


32 


113 


-01 


09 


12 






Q7 

J 1 






C\n 


01 


116 


07 


00 


-02 


-16 






J. ^ 


— ! 




ji 


-01 


46 


06 


■ 15 


00 


63 


-03 


60 


-17 


06 


10 


77 


02 


-13 


55 


16 


-03 


-42 


09 


-37 


64 


'21 


-05 


-64 


00 


20 


-08 


30 


02 


106 


-02 


-26 


14 


41 


-09 


-85 • 


01 


00 


00 


100 


00 


03 


-01 


-02 


02 


97 


05 


-19 


00 


33 


-90 


01 


04 


-15 


-13 


35 


-86 


01 


01 


32 


-02 


15 


-56 


10 


00 


45 


-10 


39 


-65 


03 


OS 


62 


-02 


-16 


07 


22 


-04 


122 


00 


34 


-18 


08 


12 


90 


100 


-11 


23 


03 


91 


04 














-11 


100 


-49 


-18 


07 


87 














2'J 


-49 


100 


11 


07 


-53 














03 


-18 


11 


100 


04 


-32 














91 


07 


07 


04 , 


100 


22 














04 


87 . 


-53 ' 


-32 


22 


100 















74 01 09 01 66 12 

-12 48 -45 -13 OS 73 

-04 24 85 -34 -13 31 

-11 32 24 90 06 08 

-54 -55 11 05 54 32 

37 -55 00 23 -51 50 



74 01 09 01 66 12 

-12 48 -45 -13 05 73 

-04 24 85 -34 -13 31 

-11 32 24\ 90 06 08' 

-54 -55 11 05 54 32 

37 -55 00 23 -51 50 



*A11 values have bean multiplied by 100 to eliminate decimals. 
tComputed from centrold solution. 



Table 5 SGlected General rndependent Cluster Solution for IlTustrfitive Example 6^ 
■ (cont,) 



Pattern 
Matrix 



Primary 

Intarcor-' 

ralatlona 



Associated 
Orthogonal 
Transfor- 
mation 
Matrix 



Type Solutiofi 



Normal Varimax 



Orthogonal 



1 


99 


03. 


■ 06 


-01 


-02 


-03 


2 


81 


54 


03 


-01 


23 


07 


3 


90 


-25 


08 


23 


25 


03 


. 4 


70 


52 


-45 


-01 


20 


-01 


■ 5 


92 


27 


04 


01 


25 


-15 


6 


93 


-22 


10 


-07 


25 


04 


7 


97 


-21 


05 


-02 


-10 


-01 


8 


97 


18 


04 


-U 


-13 


-06 


9 


92 


-20 


28 


-01 


-10 


02 


10 


97 


-09 


05 


-02 


-16 


08 


11 


95 


23 


05 


13 


-09 


-04 


12 


02 


96 


-08 


-27 


00 


04 


13 


21 


-02 


97 


00 


02 


07 


14 


-09 


91 


-03 


03 


00 


39 


15 


02 


99 


-10 


07 


01 


05 


16 


06 


-78 


59 


22 


-01 


02 


17 


-07 


-86 


09 


43 


00 


22 


18 


03 


-17 


00 


98 


00 


-01 


19 


12 


52 


-82 


02 


01 


13 


20 


07 


78 


-61 


03 


01 


-02 


21 


07 


95- 


-13 


06 


00 


-24 



99 12 08 0 0 -05 -02 
-08 91-39 -13 -02 00 

-10 ,32 8 8 -34 04 00 

-05 24 27 93 -06 11 

-05 -01 04 02 75 '-66 

-02 -04 00 -12 -66 ' 74 



Qblique 



Subjective 



76 00 
-03. 39 
00 02 
03 -02 

-03 -06 
00 02 
99-09 

105 00 
90 09 

116 09 

116 on 
03 50 

-03 74 

-03 110 
03 57 
00 00 

-05 00 
00 02 
00 -02 
00 00 
03 06 



00 04 
-01 00 

01 53 
51 02 

-01 04 
-01 -04 

03 04 
-01 -19 
-29 04 

01 04 

00 04 
-01 -62 
128 -04^ 
-03 -02 

01 02 
-69 47 

00 91 
00 193 
106 04 
72 00 
03 02 



26 02 

88 02 
100 00 

79 02 

97 17 
103 -47 

03-10 
-09 OS 

03-10 
-18 -12 
-23 30 
-06 -02 

09 -02 
-06-15 
-06 47 

00 02 

03-07 
-03 152 

00 -05 
-03 37 
-06 95 



100 -06 -19 -01 92 03 
-05 100 65 -72 09 82 
-19 65 100 -54 -08 61 
-01-72 -54 100 -19 -86 
92 09 -OS -19 100 23 
03 82 61 -86 23 100 



Orthogonal 



99 04 02 

81 55 06 

90 -22 03 
69 5; -41 

91 28 04 
93 -21 05 
97-19 00 



-01 03-06 
-03 -22 00 
25 -23 on 
-03 -IB -03 
-01 -23 -18 

-05 -24 on 



96 18 
93-21 
98-07 



02 
23 
01 



95 20 01 



-12 
OO 

-01 
00 



03 94 
25-12 



01 
95 



15,-10 
11 -02 

18 04 

19 -10 
04 



■07 91 07 



02 99 

07 -82 

-07 -84 

00 -10 

-15 61 -75 

■09 84-52 

05 96 -04 



01 
50 
02 
01 



-32 00 

-01 -02 

-02 00 

01 00 

25 01 

48 -01 

99 01-01 

00 00 16 

-01 00-01 

DO 01 -24 



04 
39 
05 
01 
22 



kV- 



3 ^: 



^All values have been' multiplied by 100 to eliminate declmali. 




Tablets Selected General Independent Cluster Solution for Illustrative Exaniple 6^ 
(cont. ) _ 





Typi 


I Solution 




Normal OrthomaK \ 


height 


^ 2 


Normal Varimax 


Obliqua 




Orthogonal 


Obliq^ue 



Patteni 
Matrix 



Primary 

Intercor- 

relations 



Associatad 
Orthogonal 
Transfor- 
mation 
Matrix 



1 

2 
3 
4 
3 
6 
7 



76 
-02 
03 
05 
-02 
03 
99 

8 104 

9 90 
10 116 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



91 
02 

-07 
01 
00 

-01 

-01 
01 
04 
01 

-01 



-05 
37 
-05 
13 
-17 
-06 
-14 
-04 
-01 
12 
-08 
60 
44 
138 
69 
-22 
06 
05 
35 
26 
04 



01 -01 
09 -03 

02 20 
-49 -01 

07 01 

05 -13 
-04 -03 

00 -09 
24 -01 
-04 -02 

03 17 

06 -26 
117 -01 

08 01 
03 11 
59 a 

-04 39 
-03 108 
-93 02 
-61 07 
02 16 



24 06 
84 13 
93 -22 
73 10 
92 40 
98 -30 
01 -10 

-09 20 
01 -10 

-15 -23 

01 25 
-04 32 

11 07 
-07 -41 
-04 40 

00 -24 

02 -83 
-04 20 
-01 -24 
-04 30 
-06 103 



80 -01 
49 40 
58-15 
44 31 
57 09 
60 -15 
84 -17 
84 07 
80 -12 
88 -02 
80 14 
00 69 
14 13 



■07 
-01 



93 
75 



06 -48 

-04 -43 

00 -03 

-10 39 

-07 50 

02 53 



08 00 

-01 -07 
13 25 
-48 -06 

04 -01 
16 -04 
10 01 

05 -11 
33 02 

09 01 
05 12 

-19 -37 
97 00 
-15 -07 
-22 -04 
68 29 
18 51 
01 99 
■89 -04 
■70 05 
'24 03 



58 08 
68 34 
73 -16 
60 33 
76 31 
75 -15 
49 -09 
48 19 
46 -10 
45 -OH 
51 22 

04 58 
12 00 

-03 30 

05 61 
-01 -48 
-07 -71.; 

03 -07 
-03 19 
00 49 
07 80 



101 00 
74 54 
87 -28 
70 35 
85 25 
90 -30 

102 -26 
100 15 

94 -17 
104 -13 

97 26 
-02 98 

07 33 
-12 100 
-04 108 

02 -61 
-03 -84 

01 03 
-03 28 
-04 66 

00 104 



-01 -02 

11 01 
-02 18 
-44 01 

06 02 
00 -12 

-07 -05 
00 -10 
20 -03 

-06 -03 
04 16 
13 -20 

109 01 
17 08 

12 16 



49 
-09 



16 
34 



-01 101 
-82 04 
-50 09 
08 17 



-n6 -02 

20 04 
22 04 
16 01 

21 -14 
24 06 

-14 01 
-18 -05 
-13 03 
-21 in 
-14 -04 
-02 05 
04 06 
-02 39 
-02 04 

01 01 

02 21 
-03 -06 
-01 14 
-02 02 
-03 25 



100 -01 20 03 92 "10 
-01 100 -54 -38 10 89 
20 -54 100 24 10 -54 
03 -38 24 100 03 -45 
92 10 10 03 100 21 
10 89 -54 -45 21 100 



100 06 16 03 25 -08 
06 100 -49 -27 14 00 
16 -49 100 08 -08 02 
03 -27 08 100 07 14 
25 14 -08 17 100 -04 

-08 00 02 14 -04 100 



-75 -07 -09 00 -63 -12 
-09 62 -50 -22 01 57 
07 -30 -83 y 11 -26 
-10 36 22 89 03 12 
52 44 -06 -02 -57 -45 
37 -45 01 16 -51 62 



-76 -07 -09 00 -63 -12 
-09 62 -50 -22 01 57 
07 -30 -83 37 11 -26 
-10 36 22 89 03 12 
52 44 -06 -02 -57 -45 
37 -45 01 16 -51 62 



99 12 08 00 -05 -02 
-08 91 -39 -13 -02 00 
-10 32 88 -34 04 00 
-05 24 27 93 -06 11 
-05 -01 04 02 75 -65 
-02 -04 00 -12 -66 74 



*A11 values have been multiplied by 100 to eliminate decimals. 



similar to .the subjective prthogonal solution. That is, although the 
Harris and Kaiser orthogonal and oblique independent cluster solutions 
bear no rasembelance to each other in terms of the factors they define 
and although they bear little similarity to the normal varimax oblique 
solution in terms of factors defined they do appear to define the same 
factors as their corresponding subjective solutions as reported by Goan. 

In Table 5 an additional set of othomax solutions is reported. 
For these particular data the definition of an ideal iolutlon was 
somewhat elusive, but if Coan's reported solutions are accepted as 
the ideal solutions then the normal orthomax solutions associated with 
an orthomaK weight of positive two are more desirable than the normal 
varimax solutions. These solutions are the extra set reported. Tt 
is Interesting to note that although these solutioni are not the same 
as the Harris and Kaiser solutions they would result in the same 
interpretatinns inasmuch as they define the same factorii orthogonal 
and oblique, as the corresponding orthogonal and oblique^ respectively , 
Harrli and Kilisr independent clustar solutions. 

Summary of Empirical Applicationa 
As with io many empirical investigations caution must be eKerelsed 
In attempting to generalize the system associated with the orthomax 
independent cluster solutions generated for the Illustrative data sets. 
The systematic varying of the orthomax weight will not always result 
in a set of independent cluster solutions that appear to be systematically 
related nor will it result in a stabilization of the primary Intercorrelatlons 
Yet, consistancies and Inconsistancles noted in the empirical section 
served as the bases for the title of the manuscript. 



17. 



Using the gystematized tomputational procedures described In an 
manuscript 

earner part of. this f a variety of indepandent cluster solutions 
were ganerated. For every data set the equamax, quartimax and varimax 
solutions, both raw and normal, were computed along with numerous other 
orthogonal aolutions. For each orthogonal solution an oblique analog 
was computtd. Also computed for each data set were the Harris and 
Kaiser independent cluster solutions. 

The solutions recorded were the Harris and Kaiser lolutlons as 
well as the "best" set of orthomax solutions. For four out of five of 
the data sets the normal varimax independent cluster solutions were 
superior to the other orthomax independent cluster solutions, in simple 
structure and/or defining the factors in accordance with the subjective 
solutions. However, It was noted that for one particular set of data 
the normd. varimax solutions tended to be misleading in terms of defining 
factors. Although there was always a reasonaBle orthomax solution set 
for each sett of empirical data analyzed the particular orthomax weight 
defining the solution could not be determined a priori. Furthermore.it 
was evident that disasterous results could emerge with certain orthomax 
aolutions. 

Fortunately the Harris and Kaiser procedures as modified in this 
manuscript always provided the best set of indepandant cluster solutions 
for the data sets., These results were not expected. The fact that the 
orthogonal independent cluster solution defined by the Harris and Kaiser 
procedures was without exception as good or better than the best 
orthomax orthogonal solution was totally un«,pected. It would seem 
. as though we have, quite by accident, difcovered a procedure for computing 
orthogonal transformation solutions that may be superior to the. more :. 
EMC traditional procedures employed with tht general orthomax equation, at 

• ■ -• - ■ - ■ - ■• 18. ■. ■ V;-, 



least within the framework of simple structure* 

For at least one particular data set, the five socio-economic 
variables, the orthogonal independent cluster solution appeared to be 
better within a simple structure framework than the oblique independent 
cluster solution* For another data set, the box problem, it was evident 
that the ideal solution was not of an independent cluster nature but 
the orthogonal independent cluster solution did provide a much more 
reasonable simple structure solution than did the oblique independent 
cluster solution. For the other data sets the oblique independent 
cluster solutions appeared to be better within a simple structure 
framework than the orthogonal independent cluster solutions. 

piscussion 

The objective of this manuscript was to present a general model 
for the independent cluster suxution in factor analysis. The model, 
having its basis in the work of Harris and Kalier ((964), was presented 
and discussed. 

It was noted that for data that define perfect orthogonal independent 
clusters the model will result in only one solution * an orthogonal 
independent cluster solution. More precisely the principal axis 
rapreaentatlon of such a solution would have perfect simple structure. 
For a data set that define perfect oblique independent clusters there 
are two possible solutions defined ; the first is an orthogonal iolution 
while the second is an oblique analog of the orthogonal iolution. For 
such a data set it is rather apparent, when looking at the transformation 
solutions, which particular solutions has better simple structure. The 
simple structure associated with the oblique independent cluster solution 
will be vastly superior to that of the orthogonal solution. 
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For a data set that defines factors that are not of an Independent 
cluster nature there are also two possible Independent cluster 
representations; the orthoROnal representation, which Is the type of 
transformation solution typically used In itiany factor analyses, and the 
oblique analog of the orthogonal solution. For this particular data 
Sit the transforrnatlon Sdlutlon that is moBt interpretable within a 
simple structure framework will be a function of whether or not the 
data define factors that tend toward orthogonality or whether or not 
they define f actors that do not tend toward orthogonality. Unfortunately 
we have been unsuccessful at defining some meaningful criterion for 
comparing an orthogonal solution with Its oblique analog to determine 
which solution Is more interpretable within a simple structure framework. 

The results presented in the empirical section suggest that the 
Harris and Kaiser (1964) procedures as modified in this manuscript 
will provide the best set of independent cluster solutions. Although 
It may be possible to generate a number of Independent cluster solutions 
by iystematically varyln| the orthomix weight the regults o£ the 
empirical appilcations presented herein iuggast that when one does 
get a desirable solution through variations of the orthomaK weight 
In the orthomaK criterion the results that they get will most likely 
be similar to the results obtained using the modified Harris and 
Kaiser procedures* Alternatively It Is possible that they might get 
very misleading results. 

The orthogonal transformation solution has been a panacea In 
factor analysis. With the advent of the work. of Harris and Kaiser (1964) 
the oblique independent cluster solution also began to become a 
panacea for some researchers • Seldom if ever do the researchers report ' 



both an orthogonal and an oblique independent cluster solution. Even 
when the Harris and Kaiser oblique Independent cluster procedures appear 
to define a poor aolution it Is possible to compute an orthogonal 
solution that is as bad or worae than the oblique Harris and Kaiser 
Independent cluster solution. Using the procedures set forth , in this 

manuscript it is possible to bring some order to the chaotic use of the 

Independent cluster solution. 

In summary theni 

a) in this manuscript certain algibraic slmilaricias between the 
orthogonal and oblique Independant cluster solutions have been noted, 
thereby providing an algebraic link between the orthogonal and oblique 
Indeptndent eluster solutions' 

b) empirically it has been demonstrated that by allowing the 
orthomax weight td Vary in the orthomax criterion it is possible 

to generate a variety of independent cluster solutions for a single 
data set; 

c) although the general model does nost assuredly exist it appears 

as though it is the Harris and Kaiser procedure that define the bast ' 
set of Independent cluster solutions, 

As a function of the empirical pristntatlons In this manuscript 
the following procedure is auggesttd for use in the routine calculation 
of orthogonal and oblique Independent cluster solutions from some 
orthogonal factor matrix P. 

•a) Compute the major product R* of P as |P' . 

h) Compute the principal axis representation 5M of R*, where the 
columns of £ are unit length latent vectors associated with the non- 
zero latent roots which are the diagonal entries of M^. 



c) Compute an DrthDnormal transformation matrix T such that QT maximlaes 
the orthomax criterion. The orthomax criterion for this particular case 
as noted by Harris and Kaiser (1964) will necessarily be general 
inasmuch as the second term of the criterion equation, the one associated 
with the orthomax weight, will be a constant. 

d) Compute the primary factor intercorrelatlon matrix W^^ as 

_ ^ --1 , 2 -1 ^ 
^ D T'^M TD 

- 2 

where D is the diagonal matrix whose nonzero entries represent the 
column sums of squares of MT, - 

a) Compute the primary pattern matrix M and the primary structure 
matrix W^i 

A* m I 

2 -1 
- QM TP , 

f) Finally compute the orthogonal analog, F, of the oblique Independent 
cluster splutlon aei 
F ^ ^ , 

In final conclusion it is moit prudent to realize that any data 
set may be forced into an independent structure framework. If, when 
in the independent eluiter framftwork, the variables appear to bi 
cbmpleK it may be that the independent cluiter framework does not 
idtquately deicribe the data in a iimple structure iense. For such data 
iome other type of oblique solution will most likely provide a better 
simple structure solution than the independent cluster solutions. 
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